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(s-t Multi-ranks Complete Bipartite Graph)
2
$G=(V, A, s, t)$
V $A$
$VxV$ (











$V_{1}\cup V_{2}=V,$ $V_{1}\cap V_{2}=\phi$
$A_{1}\cup A_{2}\subseteq A,$ $A_{1}\cap A_{2}=\phi$ ,
$A-(A_{1}\cup A_{2})\subseteq V_{1}\cross V_{2}$ (1)
$T_{O(’)}=(V_{1}, A_{1}),$ $T_{I(t)}=(V_{2}, A_{2})$










(iv) $G$ s-t $\pi$ $L_{st}$
$L_{st}(G)$ s-t $\pi’$
(v) $G$ s-t $L_{st}(G)$ s-t
$G$
(vi) $G$ $U(\subseteq A)$ $U$
$L_{st}(G)$ $S_{U}$
$L_{st}(G-U)=L_{st}(G)-S_{U}$ .
1. s-t ( ). $L_{st}(G)$ $(i)-(iv)$ [7]
(v). $L_{st}(G)$ s-t $\pi’$ :
3 s-t
$G=(V, A, s,t)$ $L_{st}(G)$
$=(V_{L)}A_{L}, s, t)$ s-t (s-t Line Digraph)
$G$ $a$ $u_{a}$
$G$ $a$ $a’$
$(u_{a}, u_{a’})$ $s,t$ $G$ $s$
$a$ $(s, u_{a})$ a \sim
$(u_{a)}s)$ $G$ $a$ $t$
$(u_{a}, t)$ $t$ $a$
$(t, u_{a})$ $V’,$ $A’$
$V’=\{s,t\}\cup\{u_{a}|a\in A\}$ .
$s,$ $(s, u_{a_{1}}),$ $u_{a_{1}},$ $(u_{a_{1}}, u_{a_{2}}),$ $u_{a_{2}},$ $\ldots,$ $u_{a_{k}},$ $(u_{a_{k}}, t),t$
$L_{st}(G)$ $i(a_{1})=s,$ $r(a_{k})=$
$t$ $(u_{a_{i}}, u_{a:+1}),$ $i=1,2,$ $\ldots,$ $k-1$
$i(a_{i})=r(a_{i+1})=v:(\in V)$ $G$
s-t $\pi$ :
$s,$ $a_{1}=(s,v_{1}),$ $v_{1},$ $\ldots,v_{k-1},$ $a_{k}=(v_{k-1},t),t$
$G$ $L_{st}(G)$ $s,$ $t$
$\pi’$
$s,$ $t$ $u_{a:}$




$v;=v_{j},$ $1\leq i<j\leq k-1$
$A’$ $=$ $\bigcup_{v\in V-\{s.t\}}\{(u_{a’}, u_{a’’})|r(a’)=i(a’’)=v$ ,




$\cup\{(t, u_{a’})|i(a’)=ta’\in A\}$ .
$i(a),$ $r(a)$ $a$
( 1) $G=(V, A, s, t)$
(i) $G$ $L_{st}(G)$ $s,$ $t$
OD $L_{st}(G)$
$v_{i},$ $a_{t+1}=(v_{i}, v_{i+1}),$ $v_{i+1},$ $\ldots,$ $v_{j-1},$ $a_{j}=(v_{j-1}, v_{j}),$ $v_{j}$
$G$
$\pi$ $G$ s-t




$(u_{a’}, u_{a’’})$ $L_{st}(G)$ $a’,$ $a”\not\in U$




$u_{a’},$ $u_{a^{ll}}\not\in s_{u}$ $a’,$ $a”\in A-U$
$r(a’)=i(a”)=v\in V$ $G-U$




( 2) $G=(V, A, s,t)$
$\lambda_{s\ell}(G)=\kappa_{st}(L_{st}(G))$
$\lambda_{st}(G)$ $G$ s-t
( ) $G$ s-t $\pi_{1},$ $\ldots$ ,












$L_{st}(G)$ s-t $\pi_{1}’,$ $\ldots$ ,
$\pi_{\kappa_{t}(L.\ell(G))}’$ l(v) $\pi_{1}’,$ $\ldots,$ $\pi_{\kappa.\ell(L_{\ell}(G))}’$
$G$ $\kappa_{st}(L_{st}(G))$ s-t
$\pi_{1},$













































$\kappa.t(G-S)\geq r$ $U\subseteq A$
$\delta_{1}^{*}(G,p_{V})$ 1
s-t $\delta,(G,p),$ $\delta_{f}^{*}(G,p)$













( ) $(G=(V, A, s, t),p_{V})$ $(G’=(V\cup$
$\{s’\},$ $A\cup\cdot\{(s’, s)\},$ $s’,$ $t$ ) $,p_{V}’$ ) $p_{V}’(v)=$
$p(v)=p_{0},$ $v\in V_{-s\ell},p_{V}’(s)=p_{0},0<p_{0}<1$
$s$ $G’$ s-t
$G’$ s-t $\kappa_{st}(G’)$ 1 $G’$
1 s-t














( ) l(i) $G$ $L_{st}(G)$ $V_{-s\ell}$
$p_{A}(a)=p_{V}(u_{a}),$ $a\in$
$A$ (2) $U\subseteq A$ $\psi(G-U)$






$V_{-st}= \bigcup_{i=1}^{k}V_{i},$ $V_{:}\cap V_{i+1}=\phi,$ $i=1,$ $\ldots,$ $k-1$
$A= \bigcup_{:}^{k_{=0}}V_{1}xV_{\dot{*}+1}$ , $V_{0}=\{s\}$ , $V_{k+1}=\{t\}$
$G$ s-t 2 (s-t




( 1) s-t $G$ $G$


























(V, $A,$ $s,$ $t$ ) $P_{s\ell}$
$P_{st}(G)$
$P_{st}$ : $G$ $s,$ $t$ $v$
(i). $v$ 2 $v’,$ $v”$
(ii). $v$ $(u, v)$ $(u, v’)$
$v$
$(v, w)$ $(v”, w)$
$(\ddot{u}i)$ . $a_{v}=(v’, v’’)$ $v$
$P_{st}(G)=(V_{P}, A_{P}, s, t)$
$V_{P}=\{s,t\}\cup\{v’, v’’|v\in V_{-st}\}$
$A_{P}$ $=$ $\{(v_{1}’’, v_{2}’)|(v_{1}, v_{2})\in A\}$
$\cup\{a_{v}=(v’, v’’)|v\in V_{-st}\})$ .
s-t $G$ s-t
\sim , $t$ $G$
s-t $G_{1},$ $G_{2},$ $\ldots,$ $G_{h}$ $[3]$
$G$; $G_{i}$ s-t
$P_{s}$ , $P_{st}(G_{i})$ s-t 1
s-t $P_{st}(G_{1}),$ $\ldots,$ $P_{st}(G_{h})$
$P_{st}(G)$
s-t ( 3 )
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